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Novel Piezoelectric Actuators and Motors for
Space Optics

Xiaoning Jiang
TRS Technologies, Inc., State College, PA
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= Electromechanical actuations

= Single crystal piezoelectrics

= Flextensional actuators for deformable membrane mirrors

= Actuator arrays with fine pitch for piezo DM

= Cryogenic actuators and motors for passive optics

= Summary
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Electromechanical Actuators Requirements for Space Applications

Actuator Type Shape Control Position Control Force Control Deformable Mirror

Property Req. Goal Req. Goal Req. Goal Req. Goal

Resolution <20 <10 <20 <10 <4 <2 <5 <3

(nm)

Life Cycles >10,000 | > > 10,000 >100,000 | >10,000 > 100,000 > 100,000 >
100,000 1,000,000

Stroke (mm) >0.3 >0.5 >6 >10 > 0.005 >0.05

Operating 20-60 20-300 20-60 20-300 20-60 20-300 20-60 20-300

temperature

range (K)

Mass (g) <40 <20 <40 <20 <100 <50 <20 <10

Outside <2 <1 <5 <1 <5 <2

Diameter (cm)

Creep, OM <0.1 <0.01 <0.1 <0.01 <0.6 <04 <0.6 <0.3

(nm/Day)

Power,CM (W) [ <1.0 <0.1 <1.0 <0.1 <1.0 <0.1 <1.0 <0.1

-- http://lwww.jwst.nasa.gov/Hardware/text/actuator_reqgs.html

Requirements for the various types of actuators that may be used on JWST as of 1997.

TRS Technologies, Inc. ©2008
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Cryogenic Actuators for Space Applications

Available Electromechanical Actuations:

*Electromagnetic with superconducting coils: temp < 77K
*Magnetostrictive with superconducting coils: temp < 77K

*Specially modified ferroelectric ceramics: temperature 20-65K

*Single crystal piezoelectrics: <20K - >300K

NASA Applications:

Passive optics, adaptive optics, deployable truss structures,
antenna tuning, and positioning for the primary mirror on JWST
and in other space exploring missions such as SIM, SAFIR, TPF
and others.

TRS Technologies, Inc. ©2008 4
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Single Crystal Piezoelectrics
e High electromechanical coupling e Large piezoelectric coefficient
e Low hysteresis e Excellent cryogenic property
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TRS Single Crystal Actuators

» Stack Actuator

* In-plane actuator (“31”,
IDE, Shear)

* Unimorph/Bimorph

* Flextensional (moonie,
cymbal, Thunder, etc.)

* Piezomotors (ultrasonic
and inertial)

TRS Technologies, Inc. ©2008
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Flextensional Actuators for Membrane DM

Phase Il Contract No: NNMO7AA24C
Program Managers: Bill Jones, Phil Stahl (MSFC)

Objective: Develop large stroke, large aperture,
lightweight, low cost, scalable deformable membrane mirror
technology using advanced hybrid electrostatic/flextensional
actuation.

\

Mechanical interface
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Flextensional Actuators for Membrane DM

17 mm
N

Brass
endcap

k0.3 mm
<> 0.25 mm

PMN-PT single crystal

A3
R=0.26 C=(850.725

e 0.00045677
000040535

000035394

- 000030253

- 000025112
000019971
00001483
9.6692e-05
4 5481e-05

-5.9248e-05

h.

Contour £ill of Displacement, Y-displacement.
Deformation ( x786.956): Displacement of Static, step 0.

ATILA modeling of single crystal double stack flextensional actuator
showing 456.77 micron displacement at 300 V (10 kV/cm)

TRS Technologies, Inc. ©2008
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Flextensional Actuators for Membrane DM
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Actuator Displacement vs Voltage
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Flextensional Actuators for Membrane DM

Flextensional actuators with stroke > 400 um were
demonstrated and ~ 10 actuators were prototyped and
tested for tip-tilt-piston demonstration, 18 actuators are
being delivered to MSRS for membrane control.

Next step: improve actuator prototyping yield, supply ~
54 actuators for a 0.25 m membrane DM.

TRS Technologies, Inc. ©2008 10
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Actuator Array for DM

NASA Phase | Contract No. :NNX08CD13P
Program Manager: Stuart B Shaklan (JPL)
Team: TRS, MSRS, and Stevens University

Objective:
Si Face Sheet . . .
"~ t=1004m Micro-actuator arrays consisting of
actuators with footprint of 1.0 mm x 1.0
mm and spacing between actuators <
Sl Gy 0.5 mm to be designed, fabricated and
Module tested. The actuators were expected to
be individually addressable with large

stroke (> 10 um) or strain (~ 0.2%).

040712Ae0908(a).ai
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Actuator Array for DM

*Single crystal piezoelectric actuator array (3x3) with fine pitch of <
1.5mm and large strain of > 0.18% (1.35 um stroke from an array
with height of 0.75 mm) at 200 V was successfully fabricated
without floating wires.

*Conductive through-wafer-vias fabrications were developed for
single crystal piezoelectric composite plates, which is scalable for
large array fabrication in Phase II.

TRS Technologies, Inc. ©2008 12
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Cryogenic Actuators and Motors for Passive Optics

Background

-- NASA Phase Il Contract No.: NNLO6AAO9C
Program Manager: William B Cook, LaRC
Team: TRS and NIA

-- NASA Phase Il Contract No. : NNLO8AA14C
Program Manager: William B Cook, LaRC
Team: TRS, VT and MTECH

Objective: Develop high resolution and large stroke
cryogenic actuators for FPI fine tuning and coarse
tuning In passive optics.

TRS Technologies, Inc. ©2008 13
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Cryogenic Stack Actuators for Passive Optics

Frequency (Hz)

crystal stack actuator

Resonant modes of a 10 x 10 x 50 mm PMN-PT single

Actuator
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Stroke performance of a 10 x 10 x 50mm PMN-PT
single crystal stack at room temperature and at
liguid nitrogen environment
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Cryogenic Flextensional Actuators for Passive Optics
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Ultrasonic Piezomotor for Passive Optics

Flexural Traveling Wave Motor

Prototype Design

FZT-4 Fiezoceramic

3" Diameter
% Sainless Seel
O 18 oppositely
=— P et e
Y
O _ ; . .
O Resonance | Freg- Starting Working | Torque Power (W) | Working
m frequency band voltage voltage (kg-cm) temperature
(kHz) width (Vo) (Vo) range (°C)
(Hz)
PZT 41.5 177 200 400 ~5 7.5 -30 —70
@400V, , | @400V,
PMN- 43 929 50 100-200 ~3 2.1 -200—50
PT @200V, , | @110V,

TRS Technologies, Inc. ©2008 16
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Summary

eSingle crystal piezoelectric actuators showed
unprecedented cryogenic actuation performances;

eLight weight, low profile single crystal piezoelectric
actuators showed large strain and low power
consumption;

eSingle crystal piezo motors can be driven at much lower
voltage and operate at a broad temperature range
(<77K-300K);

eSingle crystal actuator array will advance piezo DM
technology.
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